Today's generation is called the digital generation, because they grows surrounded by a variety of technologies and we cannot imagine everyday life without it. In this context, one question arises-What extent does today's young generation use handwriting? If we look into the past, literacy-the art of reading, writing, and counting was one of the factors indicating a society progress. Written records, chronicles, and communication in society were related to the use of handwriting. How is it today? The calligraphy is not taught in schools long ago in spite of the fact that handwriting is one of the basic characteristics of each person. Handwriting is the result of very complex psychological and physiological processes that gradually shape the individual character of the person. Of course, there is spelling that is characterized by knowledge of a grammar system rules and norms when expressing the content of the text. Further in this paper, we will focus on two aspects of using handwriting knowledge: 1.
Introduction
The educational programme defines basic competences for literacy in natural sciences. Writing is for learners less important than in the past and the digital generation gives priority typing on digital devices. But handwriting plays a very important role in our education. Writing is a complex individual habit that includes the technical writing habits, which are characterized. For example, by the proper holding and use of the writing tool, the correct position of the paper, a suitable pad, etc.. Further, there is a graphic habit, which is characterized by the ability to create the shapes of letters, digits, and other characters. As quickly and clearly as possible, there is spelling that is characterized by knowledge of a grammar system of rules and norms when expressing the content of the text.
The term "font" means a set of generally valid graphic characters corresponding to the national language. The font is normalized in the so-called school standard or template. By writing, we understand the skill to use fonts to capture mental processes. Writing itself is also a process, in which product is a manuscript (handwriting). The handwriting therefore means a personalized writing, which is different from the norm.
Literature Review
The process of writing is influenced by both mental and physical activities. Writing has two parts which differ from each other by a content and a form (Straus, Konrád, Porada, Suchánek, & Vavera, 2012; Konrad, Porada, & Suchánek, 2015; Valeška, 1993; Valeška, 1990 ):
1. Written expression (so-called written speech)-the language aspect of written expression; 2. Handwriting-graphic aspect of writing. The language of the written expression is the subject of a linguistic analysis (forensic linguistics) and the graphic aspect of the written expression is the subject of criminological examination of handwriting. Handwriting exists in several categories that clearly differ from each other. They are: italic font, scriptural font, and pearl font.
The most common type of handwriting is an italic font. This type of writing is taught at the basic level of school curriculum, which is also the most frequent type of font in an consultants' report. Scriptural font is not used so often, especially for its slow writing. In most cases, it is used for the inscriptions, the names of the parts of the written document, etc.. Some parts of the text that could be difficult or erroneously read in the italics can be written in scriptual font.
In practice, writers usually do not keep to one type or one norm of the font, which leads to mutual and individual mixing of types and norms, even to the creation of personal shapes of individual characters. In criminology, the essence of identifying the writing person is based on the following principles (Straus, Konrád, Porada, Suchánek, & Vavera, 2012; Konrad, Porada, & Suchánek, 2015) :
1. The stereotype, i.e., permanence of movements, manifested both within one written document and in written documents produced at different times;
2. The sustainability of these movements reveals while writing in different and unusual conditions. However, the sum of differences within the manuscript of each person is smaller than between this particular manuscript and any others. The sum of matches within the manuscript of each person is greater than between this manuscript and any others. Writing in schools in the Czech Republic is taught according to a standard dating back to 1932 and was only modified but never changed.
The character of the manuscript determines the technical and graphic habit. Individualization is understood as a deviation from the standard of writing, non-respect of shapes, size ratios, inclinations, and ways of connecting letters, but also as the creation of own letters and numeral shapes. However, the result of individualization must not obstruct the readability of the text.
From the physiological point of view, the writing process proceeds according to the rules of analytic and synthetic activities of the cerebral cortex and is controlled centrally from the nerve head-quarters. The actual formation of the dynamic writing stereotype is based on the creation of temporal connections in the gray cortex, i.e., on the formation of conditioned reflexes.
The identification of a person on the basis of the examination of a written speech (manuscript) is carried out in criminology from two aspects: (a) a graphical aspect; and (b) linguistic expression aspect.
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The handwriting of each person is individual from 13 years of age and includes characters that can be evaluated in a disputable and comparative material. On the basis of this evaluation, it is possible to determine the conformity of two or more manuscripts and to identify the writer. Individualization of the handwriting font of each person is a complicated and long-term process that begins in the first attempts to write individual letters and is completed roughly around the age of 20 years (Blažek & Valeška, 1984) .
Factors Influenced Handwriting
In the further period, until a person is about 60 years old, the handwriting remains relatively constant, later, due to aging, some changes in the handwriting may occur. The quality of handwriting is influenced, in particular, by the frequency of handwriting use. The graphical aspect of handwriting is influenced by internal and external factors.
Internal Factors
Internal factors are determined by the state of the writer's organism and its characteristics (Straus, Konrád, Porada, Suchánek, & Vavera, 2012; Konrad, Porada, & Suchánek, 2015) . They include the followings:
1. Anatomical and physiological dispositions (the structure and activity of the human organism in terms of the construction and function of the musculo-skeletal system, the state of the vegetative nervous system, the influence of temporary conditions caused by fatigue, drugs, exhaustion etc., changes due to serious injuries and diseases with permanent or temporary consequences, such as various amputations of the upper limbs, various diseases resulting in paralysis, stiff joints, changes in the function of the organs of sight, touch, etc.). Here, we are talking about unusual, but not faulty writing, such asbraille and foot-writing.
2. Motivation of writing (it affects all aspects of written speech-content, graphic, and linguistic). The general reason expresses the purpose of the activity (e.g., writing a blackmail letter for the purpose of gaining material benefits). The reason tends to masking the authorship. Motivation based on human activities has an accelerating function (leads mostly tomore intense and quicker expression), focusing function (so-called writing for legibility and beauty), and selective function (selective activity).
3. Skill level of using the font (there are two basic parameters: the degree of acquisition and the scope of application). This level is assessed in terms of quality and speed. The parameters are further determined by school conditions, training, method, and length of learning, the structure of the alphabetical standard, the micro-structure of the national language, and the writer's practice in writing).
External Factors
External factors are conditioned by the environment in which the writing process takes place (Straus, Konrád, Porada, Suchánek, & Vavera, 2012; Konrad, Porada, & Suchánek, 2015) . We put them to:
1. The environment in which the writer writes (training of writing skills and writing itself under other qualitative conditions). Among the environmental factors which have the greatest impact on writing, including: writing in vehicles, inadequate illumination, writing under the influence of noise and disturbing physical stimuli, in low temperature environments, etc..
2. The position of the writer (affects the graphic form of the overall document). Significant differences arise when writing in standing, lying down, with a non-rigid pad, etc.. Into this group, we also conclude the position of the pad, its size, and the way of holding the writing tool.
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3. Nature and condition of the writing aids and pads (e.g., the effects of too sharp pens, pencils, rough writing means, etc.).
Disputed and Comparative Materials
Objects for graphic analysis are identified as disputed and comparative. The documents, by which a person who wrote them is supposed to be identified, are considered as disputed. Comparative materials are all the documents that have been written by a definitely known person (Rak, Matyáš, & Říha, 2008) .
Disputed Materials
When arranging disputed materials for the purposes of forensic examination, two basic conditions must be observed, namely, completeness and originality. This means that all the materials (including their remnants, small adds-on, cuttings, etc.) in their original state without any interference, lettering, marking in the text, etc., must be secured during the provision of the material at issue. When providing threatening or anonymous letters, it is necessary to send to the expert, besides the text itself and the envelope. It is not possible to use copies, photographs, etc.. This is only possible in the case when the disputed material cannot be secured in nature (inscriptions on walls, wooden fences, and doors). The inscriptions must be photographed with a high-quality camera on a negative material of the size of at least 6  6 cm 2 with the enclosed scale that must not interfere with the writing. We must avoid distortion of the text on the photo, so the plane of the inscription must be parallel to the plane of the film. Each shot is taken several times using different exposure times, apertures, or color filters to provide a guarantee of a high-quality image. In the case of large-scale inscriptions, several frames overlap each other. Negative materials are also sent for the purpose of examination.
Comparative Materials
Comparative materials are any writings that have been written by a definitely known person and which are considered coresponding the writing expressions of the disputed writings. When the reference material is produced, it must have approximately the same factors as in the case of the disputed document. The comparative material must correspond to the disputable material at least in the following aspects (Straus, Konrád, Porada, Suchánek, & Vavera, 2012; Konrad, Porada, & Suchánek, 2015) :
1. The type of writing-It is possible to compare only the corresponding types of written expression; 2. Deviation from writing optima-Within these deviations, spontaneous expression can be compared with an inadvertently altered and spontaneous manifestation. The intentionally altered expression is compared to deliberately changing expression, inadvertently changing expression, and spontaneous expression; 3. Time-bound-Because of the changes of the font during a person's life, it is necessary that the disputable and comparative materials do not come from a long ago. The optimal comparative material should include written expressions that were written before and after the disputable material;
4. Scope-The generally accepted principle is that the smaller the scope of the material in question, the more extensive the comparative material must be. As a rule (except for signatures and paraphs), at least 30 lines of handwriting are required. Signatures require at least five true signatures of the person whose signature is on the disputed material and at least 10 signatures made by the suspected person on the same name; 5. Writing tools and writing position-It is required that the comparative material must be written in a group-identical writing tools, in a group-identical pad, and in the same writing position. In addition, the CROSS-CURRICULAR PHYSICS AND CRIMINOLOGY RELATIONSHIP 327 examination requires the comparative material made with optimal writing means on the optimum pad, and in the normal writing position.
From a point of view of motivation, we can distinguish between comparative materials: (a) examples of written expression; and (b) examination of written expressions.
Examples of a written expression (examples of scripts) are documents containing a handwritten language expression of a definitely known person. These are written before and after the writing of the document at issue, without the person under investigation knowing that they will be used for examination. They must meet the general requirements for comparative material.
Examinations of a written expression (examinations of scripts) are documents that contain a handwritten language expression or signature made in front of a witness for the purpose of expert examination of this written expression. It lacks enough spontaneity, but it guarantees the authenticity of the person who writes in front of the witnesses and at their instigation. In carrying out the examination of the script, it is necessary to arrange in particular:
1. To create the conditions at the issue of the disputed document; 2. To prepare a suitable text in a sufficient extent; 3. To determine the order in which the texts will be dictated and to get acquainted with the content of the texts;
4. Scope of the examination. The examination of a handwriting test can be done in the following ways: 1. Dictation-The possibility of influencing the person under investigation by changing the speed of dictation and the fact that writing, in this case, is mostly a mechanical act without the writing person own active participation. This prevents from deliberately changing the font; 2. Description; 3. Pictorial method-Consists of the gradual presentation of drawings or photographs, according to a pre-arranged order, where the person describes what is in the pictures; 4. Completion of sentences-Consists of submitting a series of sentences that are not completed and the person under investigation has the task of completing the sentence according to the meaning he gives to the sentence.
The common principles is that after writing and signing is made, each individual sheet of paper is removed and the serial number is given to it. The handwriting is basically made only on one side of the paper. In the case of signature examination, only one signature is made per paper.
Methods of Examination in Handwriting
Qualitative based on an optical observation. They include various methods: intuitive (insignificant in criminology), graphological (focusing on the connection of the graphic expression to the character of the person), pathogenic (the influence of physical and mental disorders on the font), comparative, functional, analytical (analysis of writing movement and analysis of the whole script), graphometric method (measurement of the size, slope, pressure, and rhythm of the movement), and finally, a combination of the above methods. At present, the combination of analytical, comparative, and graphometric methods are mostly used.
Quantitative are based on the existence of such techniques that allow the original qualitative data to be converted into quantifiable data, which can be processed manually or by a machine processing. The examination of the graphic page of written expressions is done in two levels-the general level and the special level.
The General Level
The general level is usually understood as a graphic layout. The handwriting document is analyzed from the overview, through the structure of paragraphs and rows to the basic unit of language expression-the words. For practical reasons, however, the examined paper is usually judged in the following order according to its usual parts: the entire document, the address (including the return one, title, addressing, date, and motto), accompanying drawings, margins, pages, postscript, signature, and the ending.
There are a lot of general levels and characters resulting from them. For example, it is possibleto introduce the overall impression of the document and the location of the text in relation to the axis of the paper. Further, the location and layout of the address and the location of the return address and its adjustment can be identified. The securityof the envelope flaps from being open can be analyzed. More important is the placement, the structure and other details of the motto, drawings, shape, and size of the left, right, upper, and lower margins, marking. Further, the structure of marking individual pages of documents, the details of signing, and other postscript elements are studied. Examining all of these aspects and features of the general level is, of course, not possible in all cases, because it always depends on the availability of comparatable or disputable materials (see Figure 1) . 
The Special Level
The special level includes three basic elements of a handwritten document analysis, namely, the level of multi-components (graphically indivisible entities of two or more letters), components (capital and small letters from the alphabets, diacritical marks and punctuation marks), and sub-components (parts of letters and characters).
In the special plane, the following basic aspects are used at all levels: direction, proportions (width, length, and height), fluency, sequence and location of the writing movement, and inclination including other types of writing.
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For clarity, we describe how the special level of investigation is analyzed in three steps: 1. Basic components (most often a letter or other characters, a note, etc.) (see Figure 2) ; Figure 2 . An example of basic components (Source: Straka, 2003; Straus, Porada, Suchánek, Furbach, & Kloubek, 2012) .
2. Partial components (a part of basic components) (see Figure 3) ; 3. Multi-components (graphically indivisible joins of basic components) (see Figure 4) . The special level is mostly analyzed by using manual analysis of individual components, but it can also be done by using different systems that allow to work with image files. In addition to the accurate capture of the image and the correct identifying of markings, it is also important to record the position of the individual variants (initial, center, end, and stand-alone) (see Figure 5) . Technical means of investigation: scales and gauges, magnifiers, microscopes, stereo-microscopes, episcope most often equipped with auxiliary roasters, instruments for measuring the speed of writing, checking the coordination of writing movements, etc. (see Figure 6) . Figure 6 . Illustration of measurement options in the analysis of the disputable signature (Source: Straka, 2003; Straus, Porada, Suchánek, Furbach, & Kloubek, 2012) .
Handwriting From the Point of View of Physics and Techniques
During a simple interview with university students they were asked three questions as below: 1. What type of a pen or pencil do you use? 2. Do you know how does your pen work? 3. How often do you use handwriting? In this small action research that 97 students took part (45 girls and 52 boys), the outcomes of the interview can be summarized as follows: the majority of students use a ballpoint pen (36 girls and 31 boys), and the others write with a fountain pen. Only 22% of students were able to answer the second question (10 girls and 11 boys). Handwriting is used only at schools and much more often, they prepare home works, essayes, and laboratory records on their computers. Students were motivated to get more information about the physics of pens. We summarized basic facts about this topic in a way presented below.
People have been using handwriting for more than 5,000 years. Have you ever thought about the principle of ink transfer on paper, or what principle the filling or ballpoint pensare working on? The paper ink footprint depends on the ink flow properties of the fountain pen. It depends on the capillary properties of the pen, the size of the pores in the paper, the surface tension of the ink, the viscosity of the ink, and the speed of the pen movement. Smaller pores in the paper have larger capillary pull than larger pen pores, while too small pores prevent ink from flowing.
Pen
Since the pen hole is always larger than the minimum pores in the paper, the thicker paper supports the flow of ink. This also explains why you cannot write on a glass-the glass surface does not contain pores that will absorb ink. Higher surface tension allows better wetting of paper surface, on the contrary, a higher viscosity reduces the water absorption. The fountain pen has the following parts: ink cartridge, tip, ink supply (plastic tube with three thin channels inside that connect the tip and the bin), and collector (a set of grooves next to the tip that collect ink flowing from the cartridge and prevent excessive ink flow). Ink flows to the tip due to the gravitational force. Ink can be made on water basis or on a resinous basis (calligraphic ink, so-called Indian ink).
There is also a non-removable documentary ink that is only black and water resistant. The quality of ink depends on the properties of pigment and acidity. The pen tip has a hard-alloy ball at the end (iridium, palladium-plated ruthenium). The size of the ball affects how the written the text looks like. The tip itself is made of high-quality stainless steel and can also be made of 18-carat gold. The pen is not supposed to be borrowed, and the tip adapts to its user (it is shaped according to the inclination of writing, the pressure of the person on the ink-lines, etc.) (see Figure 7) . 
Ballpoint Pen
Ballpoint pen was patented in 1938 (patented by László Biro). With the invention of the ball pen, the problems of the use of fillers have been solved-ink leakage, staining and, in particular, that the function of the ball pen has ceased to affect the altitude (let us bring back that the ink is running out by the force of gravity). As shown in Figire 8 below, the ballpoint pen is ended with a ball (as the name suggests) rather than the tip. The ball has a diameter of about one millimeter and is made from a tungsten carbide or steel compound. The ball is stored in the sleeve, in which it can rotate freely. To increase the coefficient of friction (the ball is wiped better on paper), the surface is abraded (it is harsher). The ink runs from the tank into a network of thin tubes, from which the flowing ink evenly moistens the ball. The ball rolls over the paper and leaves behind a colored mark. In order to prevent the ink from flowing out of the ink tank, the tube is open. You can verify this construction by a simple experiment with a plastic bottle.
Let us fill the bottle with water and turn it upside down. A certain amount of water flows out, the discharge is accompanied by an acoustic accompaniment. After a while, the water stops flowing out. If we make an additional hole in the bottle, the water will run until the bottle is emptied. (Holubova, 2012) And the same principle of rotating balls as a ballpoint pen can be seen with deodorants (see Figure 8) . 
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The world known brand Parker delivers to the market sets of filling and ball pen of the highest quality. For example, the Quink cartridge has a tip of 0.5 and 0.7 mm in diameter and can write about 1,000 m long line. The actual thickness of the line depends on the pressure and the material we write on.
The trace that leaves the pen on paper depends on the pressure that develops our hand when writing on the mat. Figures 9 and 10 below shows a line when the writer pushes while writing and when he slightly rolls on the paper. One interesting question has to be answered-Can we use a ball pen in outer space (in a state of weightlessness)? As it was mentioned above, the ink of the ball pen is pushed out of the tank due to the gravitational force (air pressure) and when the ink is spread on the paper, the capillary force is applied. The gravity force disappears in the outer space and the gravitational force is very small. So, the pen will not work.
Space Pen
What pens are used by astronauts? They can use a simple pencil or a special space pen (see Figure 11) . The ink reservoir is closed and the ink is pushed to the ball by compressed nitrogen. The action of the pen is not CROSS-CURRICULAR PHYSICS AND CRIMINOLOGY RELATIONSHIP 333 affected by the quality of the surface on which we write, it can be written on an oily paper or under water. Ink is enough to create a 4.8 km line. We do not use the pen only during space flights, but it is also used on earth (for example, they are used by divers). Space pen was developed by Paul C. Fisher in 1965. Since 1967, the pen can be purchased. When the pen was purchased by Mr. Pacner during the launch of Apollo 11, a replacement reservoir was worth $ 1 dollar (Gwynne, 2011) .
Pencil
In order to explain the function of the pen, we must not forget the classic writing tool, which people use much longer than the pen-a common pencil. Ordinary pencils are also used in the universe as they are durable and low-costed. With a pencil we have been writing from the middle of the 16th century. The annual production of pencils is about 15 billion and most of them are made of the wood. In the Czech Republic, about 300 million pencils are produced annually. With one pencil, we can draw a 35 km line. Graphite pencils have a different hardness, which is due to the ratio of clay and graphite. The hard pen is marked with the letter H, which is not suitable for ordinary writing. Its footprint is thin and the color is not black but rather gray. We can draw a thick black line with a soft pencil marked B. For normal use, suitable pencils are marked HB or F.
Physics behind this theory can be applied in tasks. An interesting task was solved in the Physical Correspondence Seminar (FKS) of the Faculty of Mathematics and Physics, Charles University Prague (Svoboda, 2013) .
The tip of the clipped pencil has the shape of a cone. Let us take a pencil 6B, where the radius of the base is r = 1 mm and the height is 5 mm. The distance of the two graphite layers is d = 3.4  10 -9 m. The trace of the grain contains about 100 such layers. We hold the pencil perpendicular to the background. If the weight of the arm is 4.24 kg (80 kg weight for male) and 3.71 kg (weight 70 kg for female), and counting that the area of the arm resting on the pad is 0.081 m 2 , then the arm acts on the pad with a pressure 
If we consider the pressure of the pencil itself on the pad and the weight of the pencil is only 4.7 g, the pressure generated by this force is very small (see Figure 12 ). Figure 12 . The individual layers of graphite.
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The weight of the pencil is negligible in comparison with the weight of the hand, so we have to use a certain amount of power to ensure that the graphite is wiping by the paper, friction forces are applied here. When we write, the graphite scraps the paper and creates a trace of a certain height. The shortening of the tip corresponds to the width of the track. The trace volume can be expressed using a relationship (Cutnell & Johnson, 2003) : (2) where l is the length of the line. The length of the line is proportional to . The proportionality constant is assumed to be . In this case, the line length is approximately 154 m. Actually, however, the tip is shortened faster, the line thickness is not constant, and the constant of proportionality is rather . The line length in this case is only 115 m (see Figures 13 & 14) . 
CROSS-CURRICULAR PHYSICS AND CRIMINOLOGY RELATIONSHIP 335

Conclusion
The topic about handwriting offers a whole range of other questions and allows us to show the inter-subject relationships of technology, physics, biology, psychology, and history. We need to think about the role of handwriting in future, what are the trends in teaching regarding writing techniques, and what kind of news we can find on the market for writing supplies (a pen that can be rubbed off, the behavior of a text written while warming and cooling in a microwave) etc.. The theme presented in this paper was based on discussions with learners. Some questions in this topic emerged after tele-viewing of crime series, that are presented at various television (TV) channels. Crime scene intestigation laboratory activities in physics and chemistry lessons are very popular. There are a lot of problems that can be discussed in physics (pressure, friction, gravity, flow of fluids, and metrology) and their application in everyday life can be demonstrated.
